ABSTRACT. -Dissection of 187 specimens provided data on body sizes, sexual size dimorphism, food habits, reproductive cycles and inferred growth rates of this small venomous snake. Adult Echiopsis curia average approximately 30 cm snout-vent length, with males and females attaining similar sizes. The diet is diverse: 52% lizards, 31% frogs, 13% mammals, plus occasional birds and
INTRODUCTION
The Australian elapid snake genus Echiopsis contains two species, one of which (atriceps) is known from only two specimens (Storr, 1980) . The other species is the bardick, E. curta, a relatively common snake in southern (especially southwestern) Australia. This paper provides the first detailed study of reproduction, feeding'imd growth of the bardick.
Echiopsis curta is a small (up to 60 cm) brown elapid, widely distributed from southern Western Australia through southern South Australia to western Victoria and south-western New South Wales (Cogger, 1975) . The bardick is an unusually heavy-bodied elapid: the head is large and distinct from the neck, the body is stout and the tail short (Fig. 1) . The overall appearance is reminiscent of another heavy-bodied elapid, the death adder (Acanthophis). Bardicks are partly nocturnal in habit (Worrell, 1963) , and are particularly common in areas of porcupine grass (Triodia) (Gow, 1976) . Despite a highly toxic venom and an aggressive nature when aroused (Gow, 1976; J. Coventry, pers. comm.) , E. curta is not sufficiently large to be dangerous to humans.
MATERIALS AND METHODS
I examined all preserved Echiopsiscurta in the collections of the Western Australian Museum (WAM), South Australian Museum, National Museum of Victoria, and Australian Museum: a total of 187 specimens. Snakes were measured to determine snout-vent length (SVL) and then a midventral incision was made and the following data recorded: (a) identity of any prey items in stomach; (b) sex; (c) reproductive immaturity or maturity (criteria were: males-enlarged testes or opaque thickened efferent ducts; femalesenlarged oviducts, ovarian follicles> 5 mm diameter, or gravid); (d) in adult females, diameters of ovarian follicles or oviducal "eggs." Growth rates and ages at sexual maturation were inferred from body-size distributions of collected snakes; this technique is described in more detail below.
RESULTS

Body
Sizes.-Bardicks are small snakes, with adult SVLs averaging around 30 cm (Table 1) . A comparison of specimens from South Australia, Victoria and Western Australia suggests that E. curta attain similar body sizes throughout the geographic range of the species. Males and females average approximately the same length, although females are slightly larger in all three regions (Table 1) . This apparent sexual dimorphism in body size is more pronounced in eastern areas than in Western Australia. However, even in Victoria and South Australia, there is no statistically significant difference in mean body size between the sexes (N = 12 5 5, 9 S? S?; median test: X2= 3.54, 1 df, 0.10 > P > 0.05). Males tend to mature at smaller body sizes than do females (Table 1) .
Seasonalityof Collection.-Analysis of the rates at which bardicks are collected at different times of year may reveal seasonal activity patterns. Dividing the year into four seasons, the greatest number of E. furta were collected in autumn (MarchMay, N = 40), slightly fewer in spring and summer (Sept.-Nov., N = 28); Dec.-Feb., N = 26), and fewest in winter (June-Aug., N = 19). This seasonal distribution of captures differs significantly from the null hypothesis of equal rates of capture throughout the year (X2= 8.1, 3 df, N = 113, P < .02).
389
Food Habits.-The dissection of museum specimens revealed a diverse diet in Echiopsis furta (Table 2) . Fifty-two snakes contained prey, and two of these snakes each contained two prey items. All other snakes with food contained only a single prey item. Of 54 food items identified from bardick stomachs, 52% were lizards (including 33% skinks, 13% agamids, 4% gekkonids), 31% were frogs, and 13% mammals. One bird and one insect were recorded also. It is unlikely that the insect record (a cockroach) was a secondary prey item from a lizard or frog, because of the large size of the cockroach relative to the size of the snake containing it.
Not only do bardicks feed on several different prey types, but they also take a broad range of species within each of these "types." At least 17 species are represented within the 54 prey items recorded. Food items consumed include both diurnal (e.g. agamid) and nocturnal (e.g. mammalian) animals. Mammals and birds were consumed only by adult E. furta: juveniles fed entirely on lizards and frogs.
Data in Table 2 suggest some geographic variation in Echiopsis furta diets. Bardicks in Western Australia feed heavily on amphibians (16 of 41 records, or 39%), whereas the small sample of snakes from Victoria and South Australia suggests that this may not be true in eastern Australia (only one frog among 13 prey records, or 8%). This apparent difference falls short of statistical significance, however (X2= 3.2, 1 df, N = 54, .10 > P > .05).
Bardicks containing prey items in the TABLE1. Body lengths of adult Echiopsis curia. SVL = snout-vent length (cm). stomach were collected in all months of the year except March, but the proportion of snakes containing food varied from .10 in autumn to .35 in summer. Although one might expect feeding to be more frequent in the warmer months, analysis of the Echiopsis data reveals no significant seasonal variation in the proportion of snakes with food (X2= 5.5, 3 df, N = 113, P> .10).
Adult males
Reproduction.-Ovaries of adult female bardicks contain small (diameter <6 mm) ovarian follicles during autumn and winter (Fig., 2) where SVL is snout-vent length in cm.
Neonates of one litter born in captivity averaged 13.4 cm SVL (range 12.9 to 14.5, N = 51standard deviation = 0.7). Two offspring from another female measured 9.8 and 10.5 cm SVL at birth. Full-term embryos in uteroaveraged 9.2 cm SVLin one female, 10.5 cm in another, and 10.7 cm in a third. The smallest field-collected bardick measured 10.9 cm SVL. Overall, I conclude that the usual size at birth in Echiopsis curtais 10 to 15 cm SVL.
Growth Rates.-In the absence of any direct (e.g. mark-recapture) data on growth rates, it is still possible to estimate growth rates of juvenile (fast-growing) snakes by analysis of body-size distributions. Ideally, one needs a sample taken at a single instant in time. If distinct size-groupings are evident, these are likely to represent year-classes. The body-length differences between these groupings show annual growth rates.
The bardicks examined in the present study were collected in all months of the year, so it is necessary to restrict attention to only those snakes caught over a relatively limited period. The most suitable time of year to choose is the cooler months, when growth rates are likely to be low. Hence, year-classes should be separated by the considerable length increments due to summer growth. Figure 3 presents data on body sizes of bardicks collected during the cooler months of April to October (inclusive). The first discrete size-grouping (immature snakes, 10 to 18 cm SVL) clearly represents young-of-the-year. Assuming a birthdate in March, these snakes would be one to seven months old. Snakes in subsequent age groups (13 to 19 months, 25 to 31 months, etc.) do not fall into discrete size categories. However, it is notable that all male bardicks in this second group (> 20 cm SVL) are mature, strongly suggesting that males attain sexual maturity (and about 24 cm SVL) in their second year of life, at an age of 13 to 19 months. In contrast, most of the female bardicks less than 28 cm SVL are immature (Fig.  3) . Thus, I conclude that most female E. curta delay maturity until their third year of life (first ovulation at approximately 32 months of age).
DISCUSSION
The present study relies on examination of museum specimens, and this raises difficulties in interpretation.
Firstly, dietary records may be in error if snakes have been maintained in captivity, and fed, prior to preservation. I doubt that this is a serious problem because (a) a high proportion of specimens are killed at the time of collection, either by automobiles or collectors (usually members of the general public), and (b) no records were obtained of prey items likely to be commonly fed to captive animals (e.g. white mice, or species not found at the snake's collection locality). Another problem arises when museum collections are used to estimate seasonal trends in abundance: these data may reflect only seasonal differences in collecting effort. The force of this criticism is reduced by the impossibility of achieving equal collecting effort under any circumstances. Seasonal differences in behavior-often related to thermoregulation-may greatly affect collecting success per unit time. Standardizing the number of hours of collecting per season may do little to reduce this source of variation. The use of museum collections to assess seasonality has the virtue of objectivity, and provides the opportunity for interspecific comparisons. Overall, the errors introduced by reliance on museum specimens are unlikely to be great. On a more pragmatic level, use of museum specimens is the only feasible way to gather quantitative ecological data on most species of snakes.
Turning to data on Echiopsis, the approximate equivalence of adult body sizes in male and female E. curia is not surprising: the same situation occurs in many Australian elapids (e.g. Drysdalia- Shine, 1981a) . This lack of body size dimorphism is correlated with the presence of male combat behavior among snakes in general (Shine, 1978b) , but whether or not this is true of E. curia is not currently known.
Previous authors have had little to say on the diet of Echiopsiscuria. Waite (1929) noted that these snakes "are said to eat frogs." Clauert (1957), Worrell (1963) and Cogger (1975) mentioned insects, lizards and frogs as prey items. Cow (1976) claimed that frogs and lizards were the main prey in the wild, but noted that captive bardicks would take small mice. The only specific stomach-contents data are those ofJones (1980) , who recorded an unidentified amphibian, and Kinghorn (1964) , who found three skinks of the genus "Lygosoma." All of these statements are more or less consistent with the results of the present study (Table 2) .
How does the diet of Echiopsis curia compare with that of other elapids? I have described diets of many Australian elapid species in a series of recent papers (references below) . A comparison of these data with results of the present study (Table 2) shows that bardicks have a more diverse diet than most elapids examined to date. In particular, most species of small elapids have specialized diets-lizards are almost the only prey taken, and mammals are never eaten. This is true in Cacophis (Shine, 1980a) , Furina, Glyphodon (Shine, 1981b) , Neelaps, Simoselaps (Shine, 1981c) , most Drysdalia (Shine, 1981a) , Demansia (Shine, 1980b) , Cryptophis and Unechis (Shine, unpublished data) . In contrast, bardicks feed on mammals and frogs as well as lizards (Table 2) , resembling in this respect some of the larger elapids like Austrelaps, Pseudechis, Pseudonaja (Shine, 1977a) , Acanthophis (Shine, 1980c) , and Tropidechis (Shine and Charles, 1982) . A detailed study of the foraging behavior of Echiopsis curia would be very valuable; in view of this species' morphological similarity to Acanthophis, one wonders whether bardicks rely primarily on "ambush" or on active foraging.
The tendency for eastern populations of E. curia to feed mainly on lizards, and western populations to eat frogs as well (Table 2) , is worthy of comment. The same trend is seen in a comparison of eastern and western Drysdalia species: three eastern species feed exclusively on lizards, while the Western Australian D. coronata takes equal numbers of lizards and frogs (Shine, 1981a) .The apparent similarity in the two cases suggests that this problem deserves further study.
The seasonal timing of the female reproductive cycle in bardicks (Fig. 2) is similar to that in other temperate-zone Australian elapids (e.g., Shine, 1977b Shine, , 1980a Shine, , b, c, 1981a . Live-bearing as the reproductive mode in Echiopsis curia was noted by Waite (1929) , and confirmed by Glauert (1957 ), Cogger (1975 , Gow (1976) , and the present study. Litter sizes of nine (Waite 1929) , nine to ten (Glauert 1957) , and eight (Kinghorn 1964) have been recorded previously, while Cogger (1975) estimated litter sizes as eight to ten offspring. These numbers all fall within the range of fecundities (3 to 14) observed in the present study.
The combination of high fecundity and large offspring means that the relative clutch mass (RCM) of female bardicks must be unusually high. No data on RCM are available, but dissected gravid females have most of their body volume filled with embryos. For example, dissection of one gravid bardick (WAM 45551)of 41 cm SVL revealed a mass of 13 full-term embryos, stretching from the female's vent for a length of 34 cm, ending only 7 cm from the snout. The sheer volume of the litter, relative to the female's volume, was greater than I have observed in any other snake.
The inferred ages and sizes of bardicks at sexual maturity are similar to those calculat~d for other small elapids (Shine, 1978a (Shine, , 1980b .
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